The time required for wound healing, contraction, and hypertrophic ELECTE f scarring often limit the use of deep partial-thickness burn wounds as donor sites for split-thickness grafts. We have examined the effects of weak direct 8 NOV05 1 current and silver nylon dressings on the healing of partial-thickness scald burns, split-thickness grafts taken from these wounds when healed, and the resulting donor sites in a guinea pig model. Dorsal scald wounds treated with ` l weak direct current reepithelized by 12 days postinjury. Split-thickness grafts taken from healed scald wounds showed more rapid revascularization with direct current treatment than did control grafts. Grafts and donor sites treated with direct current showed more rapid reepithelization, decreased contraction, improved hair survival, and decreased dermal fibrosis when compared to . controls not treated with direct current. Only donor wounds treated with weak i " ' direct current were reusable as donor sites.
` l weak direct current reepithelized by 12 days postinjury. Split-thickness grafts taken from healed scald wounds showed more rapid revascularization with direct current treatment than did control grafts. Grafts and donor sites treated with direct current showed more rapid reepithelization, decreased contraction, improved hair survival, and decreased dermal fibrosis when compared to . controls not treated with direct current. Only donor wounds treated with weak i " ' direct current were reusable as donor sites.
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The closure of skin defects by autografting was an which can be varied from a light weave to a heavy mesh fabric, historic advance in the treatment of burns. In patients that is coated with metallic silver to achieve a very conductive, with major burns, however, the burned area is commonly yet flexible material (2). Based on preliminary in vitro studies, Style A-2589-5, a heavy ripstop fabric, was selected for in vivo larger than the unburned surface and closure of the studies. The material weighed 84.8 gm/min and contained 22.6 wounds with autograft necessitates P staged series of gm/m 2 of silver. All SN dressings measured 6.5 x 10.5 cm.
operations in which available donor sites must be reAnimals. Two hundred twenty male Hartley guinea pigs peatedly harvested. The healing time of these donor sites weighing 400 ± 25 gm were anesthetized with sodium pentois a major factor in prolonging hospitalization. We have barbital (35 mg/kg IP). The dorsal trunk hair was clipped and a depilatory cream (NairTM, Carter Products, New York, NY) examined the effects of direct current applied through was applied for 15 min. Partial-thickness scald wounds were silver nylon dressings (1) on th healing of experimental inflicted by a 10-sec exposure of the depilated areas to 78°C partial-thickness scald wounds, split-thi( ýss grafts water using a Walker-Mason burn template with a window taken from these wounds after healing, and .ae resulting measuring 5.5 x 10.5 cm (3). Following scald injury, animals donor sites.
were divided into treatment (n = 180) and control (n = 40) groups as described below. All animals were individually caged in plastic cages insulated from contact with the metal cage MATERIALS AND METHODS stands. Scald Burn Healing Model. Following scald injury, SN Silver Nylon Cloth. Silvei nylon cloth (SN) (Sv; t Textile was secured to the wounds with surgical sutures and three Metalizing Corporation, liartford, C(T) is a knit nylon fabric, layers of gauze and a layer of sponge with a small polyethylene tube attached were placed over the SN dressing. A second From the U.S. Army Institute of Surgical Research, Fort Sam contact point was established by adhering a 4 X 5 cm piece of Houston, San Antonio, Tuxas.
SN to the shaved ventral abdominal skin with electrical-conPresented at the 48th Annual Session of the American Association ducting gel. The dorsal SN was connected as the anode in the for the Surgery of Traumv. October 6-8, 1988, Newport Beach, Cali-circuit. The gauze was then fixed in place with a flexible tubular fornia. place The opinions or assertions contained herein are the private views of bandage. To prevent the animals from disturbing the electrode the authors and not to be construed as official or as reflecting the views wires and irrigation tube, the wires and tube were passed of the Department of the Army or the Department of Defense.
through a hole cut in a wooden tongue blade and a 4-in length Citations of commercial organizations and trade names in this report of meshed wire insulator. The blade was then sutured to the do not constitute an official Department of the Army endorsement or back over the dressings (Fig. 1) . The gauze was moistened daily approval of the products or services of these organizations.
with 3 to 5 ml of saline through the irrigation tube. A constant The care of all animals was in accordance with the guidelines set 40 uA direct current (DC) was applied for 2 days, followed by forth by the Animal Welfare Act and other Federal statutes and 20 MA for 3 days, using a previously described constant DC regulations relating to animals and studies involving animals and with the Guide for the Care and Use of Laboratory Animals, National Insti-generator (4). Scald wounds in the control group were dressed tutes of Health Publication 86-23.
as above, but no DC was applied. No dressings were applied Address for reprints: U.S. Army Institute of Surgical Research, after the fifth postburn day. Gross and microscopic compari-ATTN: Librarian, Fort Sam Houston, San Antonio, TX 78234-5012.
sons of wound healing in ten treatment animals and two control wounds reepithelialized (see below) in 120 animals randomized to the treatment group and 20 animals randomized to the control group, 0.015-in split-thickness grafts were taken using a Padgett"' M electrodermatome. Each graft was divided in half and the anterior portion of the graft bed was covered with the posterior half of the graft. The anterior portion of the graft was discarded. Each animal thus had an anterior autografted wound segment and an open posterior donor site segment of equal size. A diagram of the model is presented in Figure 2 . Animals were then dressed as above with those in the treatment group receiving 40 IAA for 2 days followed by 20 jAA for 3 days. Graft and donor sites were either biopsied at the time of sacrifice for microscopic examination or visually examined daily for 3 weeks and then weekly. The extents of reepithelialization, hair growth, and gross wound contraction were recorded. Samples of graft and donor site tissues were obtained and examined "microscopically in ten treatment animals and two control animals for anatomic evidence of scarring and depth of microcirculation on the day of harvesting and 2, 3, 4, 7, and 12 days after excision and grafting.
Multiple Harvesting Model. The remaining 60 animals in the excised, grafted, and electrically treated group reepithelialized both donor sites and grafted areas by 14 days after the harvesting. The entire area (0.015 in) of the original scald was again harvested and the graft from the healed donor site was placed on the anterior portion of the bed. The posterior area was again not grafted and left as an opEn donor site. Animals were again dressed and treated as had been previously done.
-Second grafts and donor sites were examined as above.
Estimation of Hair Follicle Survival. Fourteen days after has been replaced by a layer of granulation tissue (Fig. animals were made at 2, 3, 4, 7, and 14 days and 3 months 3D) and surviving hair follicles were rare. When present, postburn. The depth microcirculation in the wounds of animals these follicles originated in the deeper dermis. sacrificed at 2, 3, 4, and 7 days postburn was estimated by The animals in the control group that had reepithelperfusion via a cannula placed in the superior mesenteric artery ized wounds by 16 days postburn were used as donors of with black ink (Drawing Ink A, Pelikan AG, D-3000, Hanover, split-thickness autografts. The control scald wounds not West Germany). All biopsy specimens were taken from the healed at 16 days required several additional weeks for central area of each site, and estimation of the extent of complete healing and could not be used for subsequent microcirculation in the wounds was made by microscopic examination for the presence of carbon particles in the vessels, excision and grafting studies. in the grafted tissue (Fig. 4) , indicating that union be-
tween graft and wound microcirculation had been established. In addition, there was an unusual hyperplasia of hair follicle epithelium at the graft-wound interface. This hyperplasia was most obvious at 4 days after grafting when it gave the appearance of an epithelial layer joining the graft with the wound bed. Figure 5 shows that by 7 days after grafting, hyperplasia of hair follicle epithelium at the graft-wound interface was less prominent and nearly normal hair follicles had reformed. At 12 days after grafting, a stratum corneum was evident and the architecture was that of normal guinea pig skin. Second grafts taken 14 days after primary harvesting in treated showed first evidence of revascularization and weak ad- than in treated animals. As shown in Figure 6 , further degeneration of the hair follicles had occurred by 1 week treated animals required several days longer for reepi-. after grafting. Cords of hyperplasic epithelium extended thelialization and stratum corneum formation than did down from the epidermis. By 3 months after harvesting, the primary donor sites. Donor sites had an established graft contraction and hair loss were marked in these stratum corneum and survival of most hair follicles at 16 animals.
days after the second harvesting. Figure 8A shows the Donor Site Healing Model. By 48 hours after the appearance of treated animals at 16 days after the second first harvest and DC treatment, epithelial cells in the harvesting of a donor site. As shown in Figure 8B , donor site hair follicles showed evidence of initial surface minimal subepidermeal fibroblast proliferation was presmigration and no significant inflammatory reaction was ent in the don or site. At 3 months, the graft and donor seen in ten of ten examined animals. Samples taken at 3 stssoe iia otato n arls Fg ) days showed donor wounds covered with a neoepidermis stssoe iia otato n arls Fg ) of 3-to 8-cell thickness in ten of ten treated animals Although further graft harvesting from healed, twice examined, but stratum corneumn was not obvious. As harvested donor sites was not attempted, there was no shown in Figure 7A , treated animals at 14 days after gross or microscopic evidence to suggest that such grafts harvesting had healed grafted wound and donor sites. could not be successfully taken. Wound contraction was not obvious. Figure 7B shows Donor sites of control animals showed neutrophil acthat these donor sites had an established stratum cor-cumulation at the wound surface 48 hours after an initial neum and an essentially normal distribution of the hair graft harvest. At 3 days, epithelial cell migration from follicles. There was moderate acanthosis of the epidermis the remaining hair follicles had initially advanced under and minimal fibroblast growth in the subepidermis in a thin layer of inflammatory cells. Reepithelialization of some areas. No gross contraction was evident 2 weeks or donor wounds after harvesting in control animals re-3 months after harvesting and both graft and donor sites quired more than 3 weeks. As shown in Figure 10 , donor expanded w-th growth of the animal. Hair density was site wounds had marked fibrosis in the upper dermis and only slightly reduced. most hair follicles had degenerated in the reepithelized Donor site healing after the second harvesting in areas at 3 weeks after harvesting. Contraction was 
DISCUSSION
The original hypothesis that DC would improve burn wound healing was based on observations of healed wounds of animals surviving after treatment of experimental burn wound sepsis with silver nylon anodal dressings (1). The results of the present study, designed to examine this possibility using partial-thickness scalds, clearly show that DC markedly reduces the time required for healing and improves the quality of the healed wounds. Although the anatomic evidence is obvious, the strongest argument is that treated scald wounds could , be repeatedly harvested as donor sites for highly successful split-thickness autografts.
Although the mechanisms of the improvement in healing were not addressed in this study, the results lead us to hypothesize that the observed effects may be due to the prevention of deleterious events that occur in the wound following injury and cause progression from cell injury to cell death. DC treatment may not cause improvement in wound healing but may instead limit the demonstrated by microscopic counts of hair follicles in the upper and lower halves of the dermis of all groups. DISCUSSION The active hair follicles of treated animals allowed heal-DR. THOMAS K. HUNT (San Francisco, California): Thank ing to occur predominantly from within the partial-you. Under the influence of new data on growth factors and thickness wounds and donor sites themselves, rather oxygenation/perfusion of wounds, there has developed a new than from the wound edges as occurred in control animals willingness to look at the possibility that wound healing can be manipulated. with few residual hair follicles within the wound. The mIn this light we might be surprised but not astounded or mechanism for this proposed prevention of progression offended by these revelations about dramatic changes in healing of injury could be relief of circulatory stasis and ischemia of partial-thickness scalds and donor sites in guinea pigs by in the wound margins (5). If limitation of blood flow and what I have termed for today TLC, or topical 'lectrical care. depletion of required metabolic factors causing cell death Electricity has had special attraction for wound healers for many years, and there are many studies in the literature, most are secondary effects of injury which evoke inflammation of them contradicting the last about alternating current-, direct and influence other stages of wound healing, any reduc-currents, square waves, voltages, amperages, et cetera. tion in such tissue loss would be expected to result in The net result is conviction that electricity does something reduced inflammation and, in turn, less scarring and to repair, but we don't know what. This is natural and acceptwound contraction. The microscopic findings in this able since chemical and hormonal signals eventually are transmitted by flow of electrons and since wounds have electrical study, i.e., less inflammation and less fibrosis in treated polarity. animals, are fully consistent with this speculation. Such T•he present study, however, is unusual in two respects. First, a mechanism might also e ýplain improved graft and the approach is topical, so to speak, diffused onto the surface. Upper dermis 8.8 ± 0.8 3.8 ± 0.7t 6.6 ± 1.0 3.8 ± 0.4t 3.8 ± 0.6 Lower dermis 6.4 ± 0.4 2.0 ± 0.7t 5.6 ± 0.9 1.2 ± 0.3t 3.7 ± 0.4 * Tissue specimens obtained from the epithelized portions of wounds and donor sites. t p < 0.02. Surviving hair follicles were counted at 14 days after scalding and after first and second harvestings. Groups were compared by t-test and data are presented as means of 30 random fields examined in 10 animals per group.
